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SUPPLEMENT TO 
ADVANCE CONFIDENTIAL REPORT 
PRELIMINARY LOW-DRAG-AIRFOI L AND FLAP DATA FROM TESTS AT 

LARSS REYNOLDS NUMBERS AND LOW TURBULENCE 
By Eastman N. Jacobs, Ira H. Abbott, and Milton Davidson 



INTRODUCTION 



Data on basic thickness and me an -line forms and air- 
foil test data giving standard airfoil characteristics 
are presented herein in tabular and chart form. These 
charts have been arranged in loose-leaf form as a supple- 
ment to the paper entitled "Preliminary Low-Drag-Airfoil 
and Flap Data from Tests at Large Reynolds Numbers and 
Low Turbulence." As new test results become available, 
additional or replacement charts will be forwarded to 
holders of the report to be inserted in this supplement 

The material included herein is conveniently arranged 
numerically according to the designation of the airfoil 
section and falls under three headings: 

I. - Basic thickness forms 

II. - Mean 1 ines 

III, - Airfoil section charts 

(a) Konroutine tests 

(b) Charts 

The airfoil designation is explained in the Introduction 
of the report ♦ 






- SYMBOLS 



The symbols used in the charts are defined as follows 

airfoil chord 

section drag coefficient 

section lift coefficient 

design lift coefficient for mean line 

section pi t ching-moment coefficient about quarter- 
chord point 

section normal-force coefficient 

flap deflection 

deflection of slotted flap 

deflection of secondary plain flap 

critical Mach number 

pressure coefficient signifying load distribution 



along mean line y^fc) 

Reynolds number 
effective Reynolds number 

airfoil-surface pressure coefficient measured from 



velocity increment due to mean-line load distribu- 
tion P 

velocity of free stream 

velocity on surface of basic thickness form 




stagnation pressure level 




surface velocity increment associated with chang 
ing angle of attack (additional lift distribu 
tion) 

chord distance from leading edge 

airfoil ordinate 

camber-line ordinate 

section angle of attack 

angle of attack corresponding to cj. 
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I. - BASIC THICKNESS FOHMS 




UOPY NO. B2 

• # 4a 

November 5, 1942 
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L. E. radius: 3.l6 percent c 
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NACA 63,4-020 basic thickness form 



I 1 1 1 

^Cj * .20 Upper surface 




Q 


.2 


.4 


.6 


J 






X 


/e 










y 










(percent o) 


(percent c) 


(t/T)* 


r/T 




0 


0 


0 


0 


1.930 




.6 


1.216 


.710 


.843 


1.500 




.75 


1.463 


.825 


.908 


1.359 








.962 


.981 


l.Ul 






[ 2.6*8 


1.122 


1.069 


.911 


■ 

^•eV ■• 




9.014 


1.234 . 


i.iu 


.*W 


- : vi 




4.243 


1.288 


1.136 


.661 


. ' . 




4.838 


1.Z2Z 


1.160 


.47? 




15 


5.781 


1.371 


1.171 


.383 




20 


6.464 


1.401 


1.184 


.325 




25 


6.967 


1.422 


1.192 


.286 




30 


7.307 


1.441 


U200 


.253 




35 


7.481 


1.468 


1.207 


.227 




40 


7.480 


1.471 


1.213 


.202 




45 


7.268 


1.432 


1.197 


.175 




50 


6.850 


1.366 


1.169 


.166 4 




56 


6.311 


1.299 


1.140 


.137 




60 


5.670 


1.234 


1.111 


.122 




65 


4.944 


1.168 


1.081 


.102 




70 


4.158 


1.102 


1.050 


.086 




76 


3.338 


1.039 


1.019 


.080 




80 


2.606 


.973 


.986 


.071 




86 


1.698 


.910 


.954 


.056 




90 


.961 


.849 


.921 


.039 




96 


.361 


.791 


.689 


.027 




100 


0 


.739 


.860 


0 




L. I. radius: 1.65 percent e 
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0 

.866 
.941 

1.010 

1.063 
1.097 
1.114 

1.124 

1.139 
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L. E. radius t 1.040 percent c 
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NACA 64j-012 basic thickness form 

ACR by Messrs. Jacobs, Abbott, and Davidson 



COPY NO. 

5a 

May 16, 1944 
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L. B. radius: 1-590 percent c 



NACA 614-2-015 basic thickness form 

ACR by Messrs. Jacobs, Abbott, and Davidson 
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L. B. radius: 2.208 percent c 
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May 16, 1344 



NACA 64J-018 basic thfekness form 
ACR by Messrs. Jacobs, Abbott, and Davidson 
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L. E. radius: 2,881+ percent c 



NACA 61^-021 basic thickness form 

ACR by Messrs. Jacobs. Abbott, and Davidson 
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L. 1. radius: 1.704 percent c 



IACA 65,2-016 basio thickness form 
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L. E. radius: 2.955 percent c 



NACA 65,2-023 basic thickness form 
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L. X. radius: 1.92 percent e 



IJLCA 65,3-018 basic thickness form 
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L. E. radius: 1,000 percent c 
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NACA 65 1 -012 basic thickness form 
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L. E. radius: 1.505 percent c 



NACA 652-015 basic thickness form 
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1.578 
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.157 
.137 

.118 
.104 
.087 

.074 
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L. E. radius: I.96 percent c 



NACA 65j-Ol8 basic thickness form 
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III. - AIHPOIL SECTION CHARTS 
(a) Nonroutine tests 
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December 21 , 1942 

NaCA 63(420)-422 and NACA 63 (420 ) -51 7 . - The addition 
of the number 20 enclosed in parenthesis with the low- 
drag-range index for the section designation in charts 
NaCa 63(420)^422 and NACA 63(420)-517 indicates that these 
sections were obtained by scaling the ordinates of the 
NACA 63,4-020 basic section. Thus, the section designa- 
tion NaCA 63(420)-517 may be interpreted as follows: The 
NACA 63,4-517 airfoil derived from the NACa 63,4-020 basic 
section. The altered thickness of the derived section 
leads, as one would expect, to a change in the low-drag 
range of the derived section as compared with that of the 
basic section. The 4 indicating the low-drag range in 
the original designation is replaced by (420) indicating 
that the 1 ow~drag range was ±0.4 when the thickness was 
20 percent. The parenthesis is employed to emphasize the 
fact that the low-drag range index does not apply to the 
altered airfoil. For the example mentioned, NACA 63(420)- 
517, the t-ke-or-et ical low-drag range is probably less than 
*0.3. 

This extension to the numbering system will be gener- 
ally employed henceforth to designate such altered air- 
foils. 

6& ? ~415. 65 3 -418 f and 65 4 ~421.- Three charts 

are to*£»g included (December \942) to represent a family 
of NACA *6-«eries airfoils of varying thickness. Data on 
the basic thickness foriss NACA 65 2 -015, 65 3 -Ol8, and 

65^-021 are also given (pp. 7a, 7b, and 7c, respectively). 

These represent related thickness forms largely based on 
the older form NACA 65,3-018, but the NACA 65 3 -0l8 sec- 
tion differs slightly from the older airfoil. Members of 
the thickness series are therefore distinguished by the 
use of the subscript numerals. 
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NACA 65,2-215, a = 0,5 (apprQx.) .- The results pre- 
sented in the chart NACA 65,2-215, a = 0.5 (approx.) 
were obtained from tests of a section of a wing defined 
"by straight-line fairing between root and tip. The sec- 
tion tested was taken close to the section NACA 65,2-215, 
a = 0.5 and closely approximates this section. The sec- 
tion was tested before installation of lift-measuring 
equipment, and the lift data presented were obtained by 
integration of pressure distributions to obtain normal- 
and chord-force components. The maximum lift coeffi- 
cients presented may be low because of difficulty expe- 
rienced in the early tests in properly sealing the gaps 
between the model ends and the tunnel walls. 

NACA 65,2-215, a = 0.5 (approx,), with 0.21c plain 
flap.- The effects of a 0.21c plain flap, or aileron, on 
the characteristics of the approximate NACA 65,2-215, 
a = 0.5, section are shown by the chart NACA 65,2-215, 
a = 0.5 (approx.), with 0.21c plain flap. The flap, or 
aileron, was hinged at the lower surface. This model was 
tested before installation of lift-measuring apparatus, 
and normal-force coefficients obtained from integration 
of pressure distributions are presented instead of lift 
coefficients for all conditions except flap neutral at a 
Reynolds number of 6.7 x 10 s . For this one condition, 
lift coefficients are presented as obtained from integra- 
tion of pressure distributions to obtain both normal- and 
chord-force components. The maximum lift or normal-force 
coefficients presented may be too low because of imper- 
fectly sealed gaps between the model ends and the tunnel 
walls . 

The drag-coefficient curve presented was obtained 
with the flap, or aileron, slot sealed with modeling clay 
at the upper surface. With the slot open, a check made 
between Cj = 0.1 and Cj = 0.7 showed little deviation 

from the curve presented. 

NACa 65(216)-222 (approx.) .- The results presented 
in the chart NACA 65(216)-222 (approx.) were obtained 
from routine tests of a section of a wing defined by 
straight-line fairing between root and tip. The section 
tested was outboard from an NACA 65(216)-222 root section 
and resembles the NACA 65(216)-222 section. The root 
section was obtained by thickening the basic NACA 65,2-016 
section and is a rather extreme example of such change in 
thickness • 
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NACA 65(223)-422, a = 1.0 (approx.) ^ The chart of 

the NACa 65(223)~422, a = 1.0 (approx.) gives the test 
results of a wing root section which was slightly modi- 
fied. The fl (appr ox . ) " in the airfoil designation, NACa 
65(223)^422, a = 1.0 (approx.), refers to a small thick- 
ening near the trailing edge of the NACa 65(223)~422, 
a = 1.0, airfoil . 

NACA 65,3-018 ,- The results originally presented in 
the chart NACA 65,3-018 (test; TDT 100) have been re- 
placed by the chart NACA 65,3-018 (test: TDT 159, 212, 
and 214). The effects of model inaccuracies have thus 
been removed so that the chart now gives standard test 
results, 

NACA 66,2-118 with Q.25c slotted flap .- The chart 
NACA 66,2-118 with 0,25c slotted flap presents character- 
istics of a 0.25c slotted flap, which otherwise is simi- 
lar to the flap of chart NACA 66,2-216, a = 0,6, with 
0.30c slotted flap. The flap movement was such as to 
keep the slot closed when the flap was extended and de- 
flected up to an angle of a little more than 15°. No 
attempt was made to keep the slot sealed at these low de- 
flections, and there was undoubtedly some slight leakage 
through the slot. Only two drag points are available 
with the flap deflected 15° and the resulting gap in the 
lower surface blocked with modeling-cl ay dams to prevent 
spanwise movement of the low-energy air in the gap. The 
drag curve for this condition was estimated from more 
nearly complete data available without dams and with the 
gap entirely filled with modeling clay, Filling the gap 
failed to improve the drag characteristics. 

NACA 66,2-216 with 0.25c plain flap .- The chart NACA 
66,2-216 with 0,25c plain flap shows the section charac- 
teristics for this combination. The flap, or aileron, 
was hinged at the lower surface. 




NACA 66,2-216, a * 0*6, with 0.17c plain flap .- The 
chart NACA 66,2-216, a » 0.6, with 0.17c plain flap pre- 
sents the section characteristics for this combination of 
airfoil and flap. This flap, or aileron, was hinged on 
the airfoil mean line and was tested with a rubber seal 
to prevent flow through the slot. There is reason to "be- 
lieve, however, that some leakage occurred across the 
seal. This test with flap deflected was made previous to 
test TDT 40; therefore, the maximum lift coefficients may 
he too low because of leakage between the model ends and 
the tunnel walls. The data presented for the plain air- 
foil were obtained later, and the lift data may be too 
high by as much as 0.05, as discussed in the report under 
Tests and Results* These considerations explain the fail- 
ure of the data to show a proper variation of maximum lift 
with flap deflection. 

NACA 66,3-216, a = 0,6, with 0.20c split flap .- The 
effects of a 0.20c split flap on the characteristics of a 
low*-drag airfoil are shown in the chart NACA 66,2-216, 
a = 0.6, with 0.20c split flap. The data presented for 
flap deflections of 30°, 45°, and 60° were obcained before 
installation of lift-measuring equipment. lor these de- 
flections normal-force coefficients obtained from pressure 
distributions are presented instead of lift coefficients* 
It is thought that the maximum normal-force coefficients 
presented for these flap deflections may be low because 
of difficulty experienced in the early tests in properly 
sealing the gaps between the model ends and the tunnel 
wall** Th* data for the plain airfoil and for the air- 
foil with flap deflected 15° were obtained later from rou- 
tine tests of a new model. 

NACA 66,2-216, a = 0,6, with 0.25c hinged slotted 
flap ,- The chart NACA 66,2-216, a - 0.6, with 0.25c hinged 
slotted flap presents the characteristics of the slotted- 
flap combination shown in more detail in the accompanying 
figure. This flap is designed to deflect by rotation 
about a fixed hinge point. The tests of this combination 
were routine; however, insufficient data are available to 
show a reliable drag curve for the flap-retracted condi- 
tion. Three drag points for this condition are plotted. 
The gap on the lower surface with flap retracted allows a 
possible spanwise movement of low-energy air into or away 
from the wake-survey position. This spanwise movement of 
air was prevented by dams of modeling clay placed in the 
gap on each side of the survey plane. 




NACA 66,2-216, a = 0.6, with 0.25c hinged slotted flap. 
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flACA 66,2-216, a = 0,6, with 0.30c slotted flap .- The 
chart NACA 66,2-216, a = 0.6, with O.SOc slotted flap 
shows the characteristics of the slotted-flap combination 
shown in more detail in the accompanying figure* Normal- 
force coefficients obtained from integration of pressure- 
distribution diagrams are shown instead of lift coeffi- 
cients except in the case of the plain-airfoil data shown 
for comparison. The flap is in the fully extended posi- 
tion for all deflections for which data are presented. 
Conditions in which the flap was partially deflected in- 
dicated very favorable drag characteristics, especially 
for the case in which the flap was deflected and extended, 
as with the 0.25c slotted flap, in such a manner as not 
to open the slot until a deflection of the order of 15° 
was reached. These data are not presented because the 
absence of dams made them of doubtful accuracy. 




MCA 66,2-216, a = 0.6, with 0,30c slotted flap 
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HAOA 66,3-216, a = 0.6, with 0,30c slotted and 0.10c 

plain flap ,- The chart NACA 66,2-216, a = 0,6, with 0,30c 
slotted and 0,10c plain flap presents the characteristics 
of the combination shown in greater detail in the accompany- 
ing figure. This combination is similar to that shown in 
chart NACA 66,2-216, a =* 0,6, with 0.30c slotted flap, ex- 
cept for the addition of a 0,10c plain flap f which forms 
the rear portion of the slotted flap. The plain flap is 
hinged on the lower surface and is operable with the slot- 
ted flap either retracted or deflected. The plain-flap 
slot contained a rubber seal to prevent flows through the 
slot. Maximum lift data from the earlier test, TDT 32, 
may be too low because of leakage at the airfoil ends and 
the lift data for the plain airfoil, test TDT 90, may be 
too high because of the change in lift tares. 
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MCA 66,2-216, a = 0.6, with 0.30c slotted and 0.10c plain flap. 



• • 


# • • 


• 


• 


• 


• • 


• 


• • 


• 


• • 


• • 




• 


• 


• • 


• • 


• 


• 


• 


• • • 








• • • 


• • 



• « 



• •• 



30 



NAOA 66,2x-»4l5, a g 0,6 .- The "x 11 in the section des- 
ignation of the airfoil presented in chart NACA 66,2x-415, 
a = 0 # 6 indicates that the model tested was "built "before 
the derivation of the section was finally judged satisfac- 
tory and that the section does not exactly correspond to 
the final NAOA 66,2-415, a = 0.6 section. The lift re- 
sults presented were obtained from pressure distributions 
to avoid error from the change in lift tares. 
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(b) Charts 

Charts not mentioned under the preceding heading 
(Nonroutine tests) present standard routine test results 
as described in the report text. Pi t ching-moment data 
from tests subsequent to TDT 208 are obtained from the 
moment balance installed during May 1942* 

Charts with the addition of data from tests with a 
standard roughness Most of the low-drag airfoils first 
investigated were of conservative design and, though the 
leading edge might 1)6001116 very rough, no very serious 
separation difficulties should arise in operation with 
these airfoils. The thickness, the camber, and the posi- 
tion of minimum pressure for these airfoils were so chosen 
that there would he a conservative pressure recovery over 
the rearward part of the upper surface. For these con- 
servative airfoils the recovery could he made without 
marked separation, even in the presence of a "boundary 
layer excessively thickened by premature transition and 
roughness near the leading edge. Hence, when the con- 
servative low-drag airfoils and conventional airfoils 
were similarly roughened, it was expected that their drag 
coefficients would be in the same range. 

In some recent applications conservative sections 
have been increased in thickness (by the application of a 
factor to the basic section ordinates) to the point that 
their relation to the conservative range has become, at 
least, doubtful. The range of conservative airfoil de- 
sign, as contrasted with the critical range determined by 
the choice of thickness, camber, and minimum pressure, is 
discussed in general terms in this report under the sec- 
tion entitled "Description of Airfoils." 

Some of these airfoils, considered doubtfully con- 
servative with respect to separation, were tested after 
the application of a standard roughness to the leading 
edge. A standard roughness is defined in the NACA 
Confidential Bulletin by the authors of the present paper, 
issued in June 1942 and entitled "Investigation of Extreme 
Leading-Edge Houghness on Thick Low-Drag Airfoils to 
Indicate Those Critical to Separation. 11 Excerpts from 
this Bulletin follow: 
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,f It was desired to choose an extreme rough condition 
as a standard roughness to be applied to the leading edge 
of the various airfoils and at the same time one that 
would not alter the contour of the section* The standard 
roughness might thus simulate an extremely rough condition 
that might result from mud or rough ice on the leading 
edge of the airfoil "but, of course, could not represent 
thick ice accumulations of the worst type, which would 
seriously alter the airfoil contour, 

"With such considerations in view, a standard rough- 
ness consisting of carborundum particles thinly applied 
over the leading-edge part of the airfoil was adopted. A 
microscopic examination of the particles used showed them 
to "be shaped like lumps of coal and to have crosswise di- 
mensions near 0.010 inch and seldom greater than 0.015 
inch. The particles were applied to one surface of Scotch 
tape; the tape was, in turn, attached to the leading edge 
of the airfoil. The use of Scotch tape in applying the 
roughness permitted Its quick removal for the comparative 
tests of the smooth airfoil. The carborundum particles 
were retained on the Scotch tape by a thin coat of shellac 
allowed to "become tacky "before the application of the par- 
ticles. The tape and roughness extended around the lead- 
ing edge of the airfoil section for a total surface 
length of 3 13 /i6 inches, equally disposed above and "below 
the le ading edge. The carb orundum was so thinly spread 
on this surface that 5 to 10 percent of t&e area was ac- 
tually 00ver*& by carborundum grains. The airfoil models 
were of 3-foot chord and 3-foot span; the roughness strip 
was extended across the entire span from wall to wall in 
the tunnel. 

"For the full-scale wing at a Reynolds number corre- 
sponding to that of these model tests, the corresponding 
roughness is geometrically similar to that on the model. 
The roughness may thus be considered to be something like 
particles of sand somewhat less than 1/16 inch across ad- 
hering to the leading edge of a wing of 100-inch chord. 
Such roughness conditions, of course, cannot be considered 
typical but it was hoped that the comparative results of 
the same roughnes s on various wings would be of value as 
representing a standard roughness condition, extreme, but 
of a type not markedly altering the original airfoil 
contour. 11 
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The important roughness data are presented herein as 
polar curves for each airfoil plotted to a smaller than 
st andard scale (drag coefficient only) on the left-hand 
part of the standard chart. Such polar curves are pre- 
sented for "both the airfoil smooth and for the airfoil 
with a standard roughness, and a lift curve for the air- 
foil with standard roughness is also shown for comparison. 
These additional curves are shown as thin solid lines 
without test points, to differentiate them from the other 
curves • 

The chart for the NACA 65,3-418 low-drag airfoil 
gives the characteristics of a low-drag airfoil considered 
to "be of the conservative type while the chart for the 
NACa 65(216)-222 (approx.) gives the characteristics of a 
low-drag airfoil considered to "be unconservat ive. 

A conventional airfoil, the HACA 23021 with rough- 
ness, is used as a "basis for comparison as to whether a 
low-drag airfoil with roughness is to "be considered of 
the conservative or nonconservative type. 
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